A rapid and convenient quantitative determination of furfural (FUR) and 5-hydroxymethylfurfural (HMF) in citrus juices was accomplished by HPLC. The aqueous solution of citrus juices passed through a filter membrane (0.45 /im) was used directly for HPLC analysis. Tetrahydrofuranwater (0.3 : 99.7) was used isocratically for a ODScolumn. The calibration curves for FURand HMFgave good linearity (r=0.9999) over the wide range of0.5~1000fig/100ml. The recovery of FURand HMFby the standard addition method was 99.6% in average. These data from HPLC were compared with those by the colorimetric method.
Citrus juices change in flavor and color upon heating during processing or storage. HMF has also been quantitatively determined on the basis of colorimetry.2~4) This method uses the reaction of HMFwith barbituric or thiobarbituric acid, but it is not always specific for HMFin citrus juices.5~7) There seems to be, matography (HPLC) General procedure for analysis of FUR and HMFin citrus juices by HPLC. The processed juice was diluted with water, usually 5 times. The fresh juice may be used without dilution. Ten^1 of the aqueous solution were injected onto a HPLC column after passing through a filter membrane (0.45 /im).
HPLCoperations. A Toyo Soda high-performance liquid chromatograph composed of a CCPEand a UV-8000 absorbance detector set at 280nmwith a RheodyneModel 7125 100/il loop injector were used. A reverse-phase column was used for the analysis (TSK-gel ODS-80TM, 150 x 4.6mm i.d., Toyo Soda Manufacturing Co., Ltd.). The column temperature was 40°C. THF-water (0.3 : 99.7, v/v) was used isocratically at l.O ml/min. Retention times and peak areas were determined with a Hitachi ChromatoIntegrator D-2000.
RESULTS AND DISCUSSION
A representative chromatogram of stored yuzu juice is shown in Fig. 1 . The peaks of FUR and HMFcould be separated very well from each other and from other peaks resulting from the breakdown of ascorbic acid and juice components. The standard curves for FUR and HMF gave good linearity (r=0.9999) over the wide range of 0.5-1000fig/100ml.
The mobile phase should be run further more lOminafter the peak of FURappears. As for the sample preparation, as described by Lee et al.,7) citrus juice should be pretreated with the Carrez clarification reagent and centrifuged, then passed through a disposable Sep-PAKC-18 cartridge followed by being eluted twice with 3 ml ofethyl acetate.
It well take at least 30min a sample for the sample preparation. In the method of Mijares et al.6) the juice sample should be centrifuged at 47800 x g (20min), meaning that a preparative ultra-centrifuge is essential. The instrument is very expensive and is not common in the usual laboratories. Besides their method requires 4 extractions with ethyl acetate and evaporation under reduced pressure, then it will take about 1 hr per sample overall. On the other hand, it seems to be a problem that the method by Marcy and Rouseff5) includes a step of distillation to extract FURfrom orange juice. To minimize the steps for sample preparation as possible, in general, will result in eliminating coincidentally occurring experimental errors. In our procedure citrus juice passed through a filter membrane after dilution with water was directly injected onto a HPLCcolumn. Although we have been using our column almost daily for 8 months, we have The other colorimetric method using thiobarbituric acid proposed by Kato and Sakurai4)
gave a similar result as mentionedabove: the estimates of HMFby colorimetry were usually 2 to 3 times higher than those by HPLC. A variety of reactive intermediates occur in stored citrus juices mainly through degradation of ascorbic acid8) and the amino-carbonyl reaction. It is supposed that they will greatly affect the net colorimetric determination of HMF.
Our study has found a rapid and convenient procedure for simultaneous analysis of FUR and HMF by HPLC. This method should be more accurate and more effective for such a complicated samples as processed and aged citrus juices. The method would also contribute to applications to the stoichiometric study of browning mechanisms and quality control of citrus juices during processing and storage.
